somewhat elective in nature. However, it is unknown whether disparities persist in emergent or urgent neurosurgical conditions such as traumatic brain or spine injury.
In acute neurosurgical trauma injuries such as extraaxial intracranial hemorrhage and vertebral fracture, there are reasons to postulate that a socioeconomic bias may be less likely to exist compared with a more chronic or elective surgical condition. Trauma systems in the US are generally well organized and patient access to graded levels (I-III) of trauma centers is highly systematized. Factors such as insurance screening, which may take place for elective conditions, are less likely to be present in the setting of trauma. In addition, patients admitted for traumatic injuries often have high-acuity injuries in which there is less likely to be discretionary judgment as to the suitability of a given procedure.
To test the hypothesis of whether socioeconomic disparities exist in acute neurosurgical trauma treatment, we examined the likelihood of receiving a neurosurgical procedure for patients admitted following a traumatic extraaxial hemorrhage or vertebral fracture and evaluated this outcome in relation to insurance status. We also examined the relationship between insurance status and patient outcomes, including length of stay, total charges, and mortality.
methods inclusion and exclusion criteria
This study was a retrospective analysis of the Nationwide Inpatient Sample (NIS). The NIS is the largest national administrative database for all payer categories and represents a 20% stratified sample of US hospitals. Patients with an extraaxial intracranial hematoma from 1998 to 2009 were identified using International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes: 800. 20 Patients were excluded from analysis if they received care at a facility in which the volume of either procedure was equal to zero within the year of admission (n = 13,511 for extraaxial hematoma, n = 160,970 for spinal fracture). Patients coded as being transferred from another institution (n = 16,960 for extraaxial hematoma, n = 28,487 for spinal fracture) were also excluded, as were patients coded as receiving either procedure electively (n = 9021 for extraaxial hematoma, n = 71,985 for spinal fracture).
outcome variables
The primary outcome of interest for this study was surgical management during admission. For patients with an intracranial hematoma, craniotomy was defined using the ICD-9 procedure codes for incision of cerebral meninges (01.31), craniotomy (01.21, 01.24, and 01.25), and other cranial puncture (01.09). Spinal fusion and decompression were assessed using the ICD-9 codes 810.0-8, 845.1, 816.2-4, 80.51, and 03.09. Secondary outcomes included risk-adjusted total charges, length of stay, and in-hospital mortality.
patient and hospital characteristics
Variables including insurance status, race, sex, hospital setting, location of hematoma (epidural or subdural/subarachnoid), age, hospital volume, hospital geographic location, and year were coded within the NIS. Patients were identified as insured if they were covered by private insurance, Medicaid, or Medicare, according to their recorded insurance status. Likewise, uninsured patients were recorded as such within the NIS. Patients were placed into 1 of 7 age categories: < 10, 10-17, 18-29, 30-49, 50-64, 65-89, and 90+ years of age. The Charlson Comorbidity Index was calculated to assess patient comorbidities using the method established by Romano and colleagues. 15 Patients were assessed based on whether they received care at a for-profit hospital versus a not-for-profit hospital, and whether their care was at an institution with a neurosurgical residency program. To control for differences in patient access to high-volume centers, annual volume at the admitting hospital was calculated and hospitals were divided into 1 of 3 groups: hospitals performing less than 10 craniotomies per year, 10-49 per year, and more than 50 per year.
Given previous studies demonstrating increased risks of mortality associated with loss of consciousness (LOC), 4, 16 this variable was used as a surrogate for neurological severity for patients with extraaxial hematoma. Patients were considered to have a prolonged LOC if they experienced LOC greater than 1 hour or LOC without return to baseline status (information provided by the fifth digit in the ICD-9 code). Patients were classified as brief LOC if there was no LOC or if LOC was less than 1 hour with return to baseline. The ICD-based Injury Severity Score (ICISS) commonly used in trauma was employed as an additional measure of severity. The ICISS uses survival risk ratios to assess the effect of other presenting injuries on the likelihood of survival. 18 For both hematoma and vertebral fracture we calculated this metric for each patient.
Mechanism of injury was also specified in the NIS via external cause of injury or "E" codes for patient admissions starting in 2003. With this variable, patients were classified according to whether their injury was attributed to a fall, motor vehicle accident, or other/unspecified mechanism.
sensitivity and subset analysis
Two sensitivity analyses were performed. The first sensitivity analysis repeated the initial multivariate model for operative management with the addition of a variable specifying the mechanism of injury (fall, motor vehicle accident, or other/unspecified). This variable was not included in the first analysis because it was not available until 2003. This sensitivity analysis was conducted to determine if results were confounded by etiology of trauma.
The second sensitivity analysis used a nearest-neighbor propensity score matched algorithm 12 to validate the effect of patient insurance status on the probability of operative management. This method allowed for "virtual randomization" between the insurance cohorts so that the cohorts were similar in terms of baseline likelihood of mortality. 19 Propensity scores represent the predicted probability that a patient will experience an outcome of interest when risk-adjusted for available variables. For this sensitivity analysis, the outcome of interest was mortality. Propensity scores were generated for each patient using a multivariate logistic regression model adjusting for survival risk ratio, LOC, epidural versus subdural/subarachnoid hematoma, Charlson Index, teaching status of the treating institution, hospital for-profit status, hospital volume, hospital urbanicity, hospital region, sex, age, race, and year of admission. Each uninsured patient was then matched to an insured patient with the nearest mortality propensity score. Rates of operative management were then compared between the matched cohorts.
Finally, the original multivariate analyses investigating the likelihood of operative management were repeated in subset populations. The subsets analyzed were white patients, black patients, patients with prolonged LOC (> 1 hour), patients with brief LOC (< 1 hour), for-profit hospitals, hospitals with a neurosurgical residency program, patients less than 18 years of age, patients between 18 and 65 years of age, and patients greater than 65 years of age.
statistical analysis
Statistical analysis was performed using commercially available software (Stata/SE version 11.2, StataCorp LP). Multivariate analyses to determine the likelihood of receiving a neurosurgical operation were performed using multivariate logistic regression models, adjusting for insurance status, race, sex, age, survival risk ratio, hospital setting (for-profit, hospitals with neurosurgical residency programs), Charlson Comorbidity Index, hospital volume, geography, and year. Analysis of patients with extraaxial hematomas included an additional measure of severity as indexed by extent of LOC as described above. Matched propensity score analysis was completed using the PS-MATCH2 software module for Stata. 12 When multivariate analyses were conducted to determine risk-adjusted total charges, length of stay, and mortality rates, an additional covariate was added to control for whether the patient received the operation of interest (i.e., craniotomy or spinal fusion). Statistical significance was established at the 5% significance level.
results extraaxial hematoma
A total of 190,412 patients were diagnosed with a traumatic fracture associated with either an epidural or subdural/subarachnoid intracranial hematoma (Table 1) . Of these patients, 19.7% received a craniotomy. The overall mortality rate for patients was 13.1%. Most patients (89.1%) were insured. Most (71.6%) were white, with blacks and Hispanics comprising 9.6% and 11.7%, respectively. More men than women had this injury (63.2% vs 36.8% of total, respectively). Among the total cohort, the mean and median ages were 52.9 and 56 years, respectively. A minority of patients (19.8%) had a prolonged LOC (> 1 hr). A minority of patients (19.8%) was treated at a hospital with a neurosurgical residency program, and few (4.3%) received care at a for-profit institution. Few patients presented with an epidural hematoma without subdural or subarachnoid involvement (3.2%). The majority of patients (62.2%) were admitted at mid-volume centers performing 10-49 craniotomies per year.
Meaningful differences in patient characteristics were observed between insured and uninsured patients with extraaxial hematomas (Table 2) . Notably, the median age of uninsured patients was significantly lower than that of insured patients (36 vs. 63 years, respectively; p < 0.0001). There was a significantly greater proportion of females among insured patients (42.3% vs 19.1%, respectively; p < 0.0001). There was also a greater proportion of white patients within the insured cohort (74.8% vs 53.4%, respectively; p < 0.0001). The proportion of black patients, by comparison, was significantly higher among uninsured patients (15.2% vs 8.8%, respectively; p < 0.0001). Insured patients had a significantly greater mean Charlson comorbidity score than uninsured patients (0.71 vs 0.22, p < 0.0001).
On multivariate analysis uninsured patients were less likely than their insured counterparts to receive a craniotomy following an extraaxial hematoma (odds ratio [OR] 0.76, p < 0.001; Table 3 ). Race and ethnicity also exhibited an independent effect on a patient's likelihood of undergoing operative management. Blacks (OR 1.19, p < 0.001) and Hispanics (OR 1.16, p < 0.001) were more likely to receive surgery relative to their white counterparts. Females were associated with a decreased likelihood of surgical management (OR 0.69, p < 0.001). There were also important differences between hospital settings. Hospitals with neurosurgical residency programs were less likely than those without residency programs to perform surgery (OR 0.84, p < 0.001). For-profit hospitals were more likely than nonprofit institutions to operate (OR 1.27, p < 0.001). Medium-(OR 1.27, p < 0.001) and high-volume centers (OR 1.27, p < 0.001) were more likely to operate than lowvolume facilities.
spinal vertebral Fracture
There were 477,110 patients with traumatic vertebral fracture between 1998 and 2009 (Table 1) . Of the total cohort, 7.8% received a spinal decompression and/or fusion procedure. The unadjusted mortality rate for vertebral fracture patients was 4.0%. The average and median ages were 63.9 and 72 years, respectively. Most patients (94.1%) were insured. Most patients were white (82.3%) and female (58.1%). A minority of patients received care at a facility with a neurosurgical residency program (12.9%) or for-profit institution (6.8%). Patients were most commonly admitted to mid-volume centers (42.0%).
There were significant differences in patient characteristics between insured and uninsured patients ( Table 2) . Insured patients were associated with an older median age (75 vs 36, respectively; p < 0.0001). Among the insured, there was a significantly greater proportion of females (62.2% vs 28.1%, respectively; p < 0.0001). Whites made up a greater proportion of insured patients (84.5% vs 61.8%, respectively; p < 0.0001). The proportion of black patients, by comparison, was significantly higher among the uninsured (13.2% vs 5.2%, respectively; p < 0.0001). Insured patients had a significantly greater mean Charlson comorbidity score (1.3 vs 0.4, respectively; p < 0.001). These differences were consistent with those observed in the extraaxial hematoma intracranial cohort.
On multivariate analysis of spinal fusion/decompression following vertebral fracture, similar trends to those established for extraaxial hematoma were noted (Table 3) . Uninsured patients (OR 0.67, p < 0.001) were associated with decreased odds of surgical management relative to patients with insurance. Females, again, were less likely to receive an operation (OR 0.69, p < 0.001). Patients were also more likely to receive surgery when cared for at a forprofit institution (OR 1.09, p = 0.016). Medium-(OR 2.22, p < 0.001) and high-volume centers (OR 2.74, p < 0.001) were associated with increased odds of operative management relative to low-volume facilities. Operative management in vertebral fracture differed from that in extraaxial hematoma with regard to race and neurosurgical residency status. With vertebral fracture, there was no difference in the likelihood of operative management between white and black patients. Hispanic patients were less likely to undergo spinal fusion (OR 0.90, p < 0.001). Hospitals with neurosurgical residency programs were more likely to perform surgery (OR 1.10, p < 0.001) relative to those without residency programs.
sensitivity and subset analyses
Sensitivity analysis was completed by adding mechanism of injury as a covariate in the multivariate model used to assess the likelihood of operative management (results not shown). With the exception of 2 factors, all associations established in the original multivariate analyses were qualitatively similar despite controlling for mechanism of injury. Hispanic ethnicity and for-profit hospital status in patients with spinal vertebral fractures were notable exceptions. Upon controlling for mechanism of injury, Hispanics were as likely as whites to receive an operation. Similarly, for-profit institutions were as likely as other hospitals to provide surgical management. When the original multivariate analyses were repeated in subset populations, the results were not qualitatively different regardless of race, severity (for instances of extraaxial hematoma), or hospital setting (Fig. 1) . With the exception of patients over the age of 65 years, uninsured patients were always less likely to receive an operation than their insured counterparts. For both extraaxial hematoma and spinal vertebral fracture, the likelihood of operative management for uninsured patients over the age of 65 was not significantly different from that of their insured counterparts.
When uninsured and insured patients were matched on the basis of mortality propensity score, the results were qualitatively similar as in the original analysis. In the case of extraaxial hematoma, the uninsured were less likely than their insured counterparts to receive operative management (OR 0.74, p < 0.001). Uninsured patients with a vertebral fracture were also less likely than the insured to receive operative management (OR 0.83, p < 0.001).
secondary outcomes: risk adjusted mortality, charges, and length of stay Differences in risk-adjusted mortality rates, total charges, and lengths of stay between insured and uninsured patients were analyzed (Fig. 2) . For cases of extraaxial hematoma, mortality was significantly higher among uninsured patients. Length of stay and total charges were significantly less for the uninsured. For spinal vertebral fracture, total charges were significantly greater among uninsured patients relative to insured patients. While significant differences were also noted with regard to riskadjusted mortality and length of stay, these differences did not appear to be clinically meaningful.
discussion
In this study, we demonstrate by multivariate and propensity score matched analyses that the odds of receiving a neurosurgical operation following a traumatic extraaxial intracranial hematoma or vertebral fracture are significantly less for uninsured patients relative to their insured counterparts. This observation was independent of other available variables including age, location of hematoma (epidural vs subdural/subarachnoid), ICISS, LOC, and mechanism of injury. The association between patient insurance status and likelihood of operative management was stable across multiple subset and sensitivity analyses and was consistent for two very different neurosurgical conditions. It is significant that the observed discrepancies in care occurred during the course of an inpatient admission after access to a health care facility was already obtained. The observed results, therefore, may reflect decision making at the provider or administrator level rather than systemic level.
The findings of this report corroborate prior work demonstrating that disparities exist at a larger magnitude for other, nontraumatic procedures within neurosurgery. 2, 5, 6 Results from this study also reinforce previous trauma research documenting that the uninsured face disparities in access to procedures. 10 While previous research has suggested that physicians are less likely to withhold care from patients in medically urgent scenarios, 7 the current study suggests that biases are not entirely eliminated under such conditions.
In this study the uninsured were associated with increased risk-adjusted mortality rates in cases of extraaxial hematoma. However, disparities in risk-adjusted mortality did not appear to be clinically significant in the case of vertebral fracture. The latter result may simply reflect a lower baseline rate of mortality associated with vertebral fracture. Other outcomes such as postoperative functional status, however, may be more susceptible to disparities in treatment options and should thus be considered in future work. For both extraaxial hematoma and vertebral fracture, surgical management was progressively less likely over time. This may reflect temporal changes in the indications for operative management. Alternatively, the observation period for this study occurred during a time in which the field of neurocritical care witnessed both advances in outcomes and rapid growth beyond tertiary academic institutions.
14 Such growth in neurocritical care may help to explain the observed decrease in operative management.
There was 1 patient cohort in which insurance status did not impact the likelihood of surgical management. Insurance status was not associated with the likelihood of operative management in the subset of patients 65 years of age and older. This may reflect the fact that surgeons may be less willing to intervene in older patients regardless of insurance status. Females, like the uninsured, were also less likely to receive both a craniotomy and spinal fusion. Although the neurotrauma literature is limited in this regard, studies from other surgical fields demonstrate mixed results regarding sex disparities in surgical care. One study reported that women have less access to transplant services. 17 At least 1 other failed to identify disparities in the likelihood of operative versus nonoperative management in relation to patient sex status. 1 Others have suggested better postsurgical outcomes for women following traumatic care, 13 although it is unclear whether this benefit extends to neurotrauma.
Our use of the NIS database for this 12-year study represents a particular strength of this report. The NIS affords greater generalizability than institutional chart reviews. The NIS also allows analysis to be conducted across multiple health care settings, geography, and time. By selecting two representative procedures such as craniotomy and spinal fusion/decompression, these results are more likely to reflect a socioeconomic trend across the neurosurgical field that is not idiosyncratic to any one neurosurgical condition.
This study comes with all the attendant limitations attributed to administrative data sets including inaccuracies in coding and reporting inconsistencies. 21 However, inaccuracies are not necessarily problematic so long as they are not biased or distributed unevenly between cohorts. This study is also limited in its ability to specify the reason why the uninsured are less likely to receive operative management. Although we reason that the mechanism lies at the hospital level, it is unclear whether administrative policies, provider decisions, or other variables are at work.
The most notable limitation of this study is the absence of detailed clinical variables and imaging. Information regarding clot thickness, Glasgow Coma Scale score, midline shift, pupillary dilation, and intracranial pressure would be useful in determining whether operative management was indicated for patients with an intracranial hematoma. 3 Without this information it may be difficult to answer questions regarding the appropriateness of care. For example, the results of this study may be explained if the uninsured present with fewer indications for operative management. Conversely, insured patients may undergo nonindicated operations with greater frequency. The distinction between appropriate and inappropriate care, however, is ultimately determined by patient outcomes. In the case of extraaxial hematoma, uninsured patients were associated with a higher risk-adjusted mortality relative to the insured. If operative management was indeed completed despite few indications in the insured, we would expect the opposite mortality trend. Likewise, if the uninsured presented with fewer indications for operative management, we would not expect them to be experiencing worse outcomes in terms of mortality after risk adjustment. The findings of this study are further corroborated by the fact that results were robust across multiple patient subsets for both extraaxial hematoma and spinal vertebral fracture. Taken together, these results suggest that the uninsured may be receiving less appropriate care than their insured counterparts. This study attempted to address the issue of differences in clinical presentation between the insured and uninsured with multivariate analyses that controlled for a larger number of clinically relevant variables than is typically afforded to such large databases. Differences in clinical presentation were adjusted for using variables on the extent of LOC, epidural versus subdural/subarachnoid hemorrhage, survival risk ratio, patient age, and mechanism of injury, all of which provide some insight into the severity of injury or reflect information regarding the patient's neurological status. Moreover, potential biases with regard to indications for operative management were further addressed by matching uninsured and insured patients on the basis of mortality propensity score. With matching, the two cohorts were "virtually randomized" to have similar likelihoods of mortality at baseline. 19 In doing so, this study minimizes the potential confounding effect of unobserved variables that both influence mortality and the patient's likelihood of operative management.
conclusions
Even in traumatic scenarios, uninsured patients do not appear to receive surgical management at the same rate as their insured counterparts. Although disparities appear to be less than those observed in semi-elective neurosurgical conditions, they are not absent. This work should reinforce the need for policy makers, hospital administrators, and clinicians to develop solutions that seek to minimize disparity in access to neurosurgical care, and should support efforts to maintain recent policies that have sought to expand access to insurance coverage. While the disparities literature often focuses on systemic issues of delayed access to primary care, disparities that occur in the traumatic setting following admission to the hospital suggest provid- er-level or hospital-level biases. Provider-level or hospitallevel interventions may, therefore, be particularly useful in reducing this disparity. Further work will be needed to identify detailed mechanisms in which insurance biases arise to optimally design and implement interventions.
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